In the present work, a comprehensive statistical analysis was performed to evaluate the potential application of peel of local fruits from Malang, i.e. mangosteen, honey pineapple and red dragon fruits for natural yellow coloring agents. The yellow pigments from those fruit peels were extracted through a simple maceration method using distilled water, acetone and ethanol as the solvents, separately. The CIE color space of the extracts was measured to obtain L*, a* and b* values. The obtained data were further analyzed using Principal Component Analysis (PCA), Multivariate Analysis of Variance (MANOVA) and Duncan Test to determine the most potent natural yellow coloring agent. All the extracts were appeared as mild to strong yellow liquid except for acetone extract for the peel of red dragon fruit extracts. From the CIE color space and PCA analysis, either ethanolic or acetone extracts of mangosteen appears as a strong yellow liquid and they were statistically not different. Furthermore, from the MANOVA and Duncan test results, the ethanolic extract of mangosteens' peel was found as the best candidate for natural yellow coloring agents because of its lowest L* and also highest b* variable values.
INTRODUCTION
Indonesia is one of the mega biodiversity countries in the world and because of that a lot of plant varieties are found. Recently, mangosteen, honey pineapple and red dragon fruits are abundantly available due to the cool climate on Malang as one of the biggest cities in East Java province. Those fruits provide health benefits such as anticancer, antidiabetic, antioxidant activities as well as high fibre, vitamin and mineral contents [1] [2] [3] . However, their peels have not been utilized yet and just thrown as solid waste. Researchers are putting efforts on the utilization of fruits' peel for food coloring, antimicrobial agent, adsorbent and so on.
On the other hand, nowadays, interest is on healthy and safe food coloring agents because industries are using synthetic pigments which are causing several health problems, such as irritation, gastritis, diarrhoea, liver dysfunction and cancer [4] . In contrast, natural pigments do not cause such diseases but offer many health advantages. Suttirak and Manurakchinakorn reported that mangosteen' peel contains many bioactive compound, i.e., phenolic acids and flavonoids [5] . Meanwhile, honey pineapple and red dragon fruit contain flavonoids, phenolic, and betacyanin, which some of them appear in yellow color [6, 7] .
In the present work, we reported extraction of yellow pigments from the peel of mangosteen, honey pineapple and red dragon fruits which are purchased from a local market in Malang. The peels' extracts in distilled water, acetone and ethanol were analyzed to obtain the L*, a* and b* values as CIE color space values. In addition to that, a comprehensive statistical analysis was also carried out to evaluate the significant difference between the samples as well as to find the best natural yellow coloring sources.
EXPERIMENTAL General
Three dimensional of CIE color space: Extracts of the peel of local fruits from Malang, i.e. mangosteen, honey pineapple and red dragon fruits are investigated to evaluate their potential application as natural yellow coloring agents using CIE color data statistical analysis. All extracts show potential application to be used as natural yellow coloring agent in which ethanolic extract of mangosteens' peel was found as the best candidate.
Mangosteen, honey pineapple and red dragon fruits were obtained from a traditional market in Malang, East Java, Indonesia. Meanwhile, acetone and ethanol 96% are purchased in technical grade from DJ Labware and used without any further purification.
Extraction of Natural Yellow Pigments from Mangosteen, Honey Pineapple and Red Dragon Fruit Peels
The extraction of yellow pigments was carried out through a maceration method in dark condition at room temperature using distilled water, acetone and ethanol, separately. As much as 5.0 g of fruit peels were macerated with 50 mL of the solvent for 24 h. After 24 h, the extracts were filtered using a filter paper.
CIE Color Space Measurement
The CIELAB color space of the filtrates were measured using Hunterlab Colorflex EZ Spectrophotometer (USA) in five replications of maceration procedure. From the measurement, L*, a* and b* values were obtained as lightness level, red/green and yellow/blue value, respectively. When L* value increases from 0 to 100, the color intensity of the extract becomes brighter. The a* describes the space gradation for green and red color. Space gradation for green color is indicated by negative value of a* while space gradation for red color is indicated by positive value of a*. While the b* describes the space gradation for blue and yellow color. Space gradation for blue color is indicated by negative value of b* while space gradation for yellow color is indicated by positive value of b* [8] . The schematic representation of CIE-color system is shown in Figure 1 .
Statistical Analysis of CIE Color Space Values of the Extracts
The obtained L*, a* and b* values of the extracts were analyzed by Principal Component Analysis (PCA) using R version 3.4.3. While the multivariate analysis of variance (MANOVA) and Duncan test were also performed using SPSS version 25 software. The significance level (α) of multivariate analysis of variance (MANOVA) was 5%. 
RESULTS AND DISCUSSION

Isolation of Natural Yellow Pigments from Mangosteen, Honey Pineapple and Red Dragon Fruit Peels
In the present work, the isolation of yellow pigments was simply carried out using maceration method. The maceration method is a well-known extraction technique using a certain solvent at room temperature. After maceration for 24 h, the extracts were filtered to obtain a clear filtrate. The photograph of the obtained filtrates from the fruit peels is shown in Figure  2 . From the visual observation, all the extracts were appeared as yellow liquids except for extract of the peel of red dragon fruit using acetone. Figure 2 also shows that the ethanolic extracts gave the strongest color intensity while the distilled water extracts gave the lowest color intensity among others. Furthermore, either mangosteen and honey pineapples' extracts gave a stronger color than red dragon fruit extracts. 
CIE Color Space Measurement
The CIE color space was also analyzed to obtain L*, a* and b* values as it has been routinely used and reported for color analysis [9] [10] [11] [12] . The three dimensional plot of L*, a* and b* values of the extracts is shown in Figure 3 . Figure 3 shows that ethanolic and acetone extracts of mangosteen gave the darkest yellow color while distilled water and acetone extracts of red dragon fruits gave the brightest yellow color. Three dimensional plot of L*, a* and b* values of mangosteen (square), honey pineapple (triangle) and red dragon (circle) fruit peels extracts using distilled water (green), acetone (red) and ethanol (blue).
Principal Component Analysis of CIE Color Space Values of the Extracts
In order to obtain a comprehensive comparison for yellow color intensity, those L*, a* and b* values were analyzed by using PCA, MANOVA and Duncan tests. The PCA analysis is one of the statistical methods that reduce the dimension of several variables into principal components [13] . Using PCA analysis, the L*, a* and b* values were reduced to two variables called as PC 1 and PC 2. The explained variance of PC1 and PC2 were 98.43% and 1.56%, respectively demonstrating that both PC1 and PC2 were valid to represent L*, a* and b* values as dependent variables. The PCA biplot (Figure 4 ) is shown to evaluate the distance of each extract color properties. The PCA analysis revealed that all samples could be categorized into three groups. When the samples are located in the same group, L*, a* and b* values is statistically similar to each other. The first group is ethanolic and acetone extracts of mangosteen. The second group is distilled water extracts of mangosteen, honey pineapple and red dragon fruits and also acetone extract of red dragon fruit. While the third group composed from the ethanolic extracts of honey pineapple and red dragon fruit and also acetone extract of honey pineapple.
Multivariate Analysis of Variance of CIE Color Space Values of the Extracts
The MANOVA analysis was conducted to evaluate the statistical difference among the samples [14] . The MANOVA analysis results are listed in Table 1 . Pillai's trace is one of the multivariate test statistic parameters used in MANOVA. Increasement of Pillai's trace value represent more contribution effect to the statistic model. Approx F value is the F statistic for the given predictor and test statistic condition. Num DF is the number of degrees of freedom in the model while Den DF is the number of degrees of freedom associated with the model errors, respectively. Pr (>F) is the p-value associated with the F statistic of a given effect and test statistic. The null hypothesis that a given predictor has no effect on either of the outcomes is evaluated with regard to this p-value. From Table 1 , it was clearly observed that there is a significant statistical difference among the extracts for fruit peels and solvents either as an individual or collective data as shown by Pillai's trace value > 1 and Pr (> F) value smaller than 1% values. 
Duncan Test of CIE Color Space Values of the Extracts
The MANOVA results ( Table 1 ) clearly show that all of the individual samples (either fruit peels or used solvents) is statistically different. Therefore, Duncan test is necessary to justify the best natural yellow coloring agent from the collected samples. The Duncan test results for L*, a* and b* variable values of fruit peel samples are listed in Tables 2-4. Meanwhile  Tables 5-7 show the Duncan test results for L*, a* and b* variable values for varies solvents. Table 2 informs that the extract of mangosteen fruit peel gave the lowest L* variable value (L* = 68.4693) demonstrating that mangosteen extracts have the darkest color intensity among the others. While peel of red dragon fruit extracts gave the highest L* variable value (L* = 75.5767) confirming that red dragon fruit extracts have the brightest color intensity among all samples.
It was also found that extracts of the peel of honey pineapple fruit gave the highest -a* variable value (-a* = 4.1047) showing that the extracts are the closest to green color among the other samples as shown in Table 3 . While mangosteen peel extracts gave the highest b* variable value (b* = 41.6507) demonstrating that mangosteen extracts exhibit the strongest yellow color among all samples as shown in Table 4 . The Duncan test results for fruit peels samples reveal that mangosteen extracts gave the darkest intensity for greenish yellow color. Table 5 shows that ethanolic extracts gave the lowest L* variable value (L* = 71.1547) demonstrating that ethanolic extracts have the darkest color intensity among the other used solvents. While either distilled water (L* = 72.7500) or acetone (L* = 72.7740) extracts gave high L* variable value demonstrating that both extracts have brighter color intensity. Table 6 informs that acetone extracts gave the highest -a* variable value (-a* = 4.6313) demonstrating that acetone extracts are the closest to green color among the other extracts. Meanwhile, ethanolic extracts gave the highest b* variable value (b* = 33.5447) demonstrating that ethanolic extracts exhibit the strongest yellow color as shown in Table 7 . The results of Duncan test for varies solvents show that ethanolic extracts gave the darkest intensity for greenish yellow color which is strengthened the visual observation and descriptive analysis of CIE color space data analysis. For food coloring application, the strongest intensity of the yellow color is recommended. Therefore, from the present work, ethanolic extract of mangosteens' peel was found as the best candidate due to its lowest L* and highest b* variable values. 
CONCLUSION
A comprehensive statistical analysis of potential application as natural yellow coloring agents from the extracts of the peel of mangosteen, honey pineapple and red dragon fruit has been evaluted. The extracts were simply obtained using a maceration method for 24 h. The visual observation and three dimensional plot of CIE color space show that both ethanolic and acetone extracts of mangosteens' peel gave the darkest yellow color. The PCA analysis confirmed that both ethanolic and acetone extracts of mangosteens' peel are not statistically different. Moreover, the ethanolic extract of the peel of the mangosteen was found as the best candidate for yellow coloring agent from the MANOVA analysis and Duncan test of CIE color space values.
